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a b s t r a c t

Farmland abandonment restructures rural landscapes in many regions worldwide in response to grad-
ual industrialization and urbanization. In contrast, the political breakdown in Eastern Europe and the
former Soviet Union triggered rapid and widespread farmland abandonment, but the spatial patterns
of abandonment and its drivers are not well understood. Our goal was to map post-socialist farmland
abandonment in Western Ukraine using Landsat images from 1986 to 2008, and to identify spatial deter-
minants of abandonment using a combination of best-subsets linear regression models and hierarchical
partitioning. Our results suggest that farmland abandonment was widespread in the study region, with
abandonment rates of up to 56%. In total, 6600 km2 (30%) of the farmland used during socialism was aban-
doned after 1991. Topography, soil type, and population variables were the most important predictors
to explain substantial spatial variation in abandonment rates. However, many of our a priori hypotheses
about the direction of variable influence were rejected. Most importantly, abandonment rates were higher
egression analysis
in the plains and lower in marginal areas. The growing importance of subsistence farming in the tran-
sition period, as well as off-farm income and remittances likely explain these patterns. The breakdown
of socialism appears to have resulted in fundamentally different abandonment patterns in the Western
Ukraine, where abandonment was a result of the institutional and economic shock, compared to those
in Europe’s West, where abandonment resulted from long-term socio-economic transformation such as
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urbanization and industri

ntroduction

Land-use change strongly affects ecosystems, their services
nd biodiversity, and ultimately human well-being (Foley et al.,
005). A better understanding of the patterns of land-use change
nd what drive these spatial patterns is therefore a key chal-
enge for landscape ecology and land-use science (Global Land
roject, 2005; Turner et al., 2007). Trajectories of intensifying land
se, particularly agricultural expansion in the tropics, are fairly
ell understood (Geist and Lambin, 2002; Hansen et al., 2008).

owever, land use can also become less intense as societies indus-

rialize and urbanize, resulting in landscapes characterized by
armland abandonment and reforestation (Lambin and Meyfroidt,
010; Rudel et al., 2009, 2010). Such shifts of socio-ecological
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ystems characterized by deforestation to systems with forest
ncrease have occurred in Western Europe (Gellrich et al., 2007;

ather et al., 1999) and North America (Kauppi et al., 2006;
hemtulla et al., 2009) during the 19th and 20th centuries, and
ore recently in parts of Central America (Marin-Spiotta et al.,

009), and southeast Asia (Fox et al., 2009). Overall though, farm-
and abandonment rates and patterns remain unclear in many
egions worldwide.

This is worrisome, because land abandonment affects ecosys-
ems profoundly (Rey Benayas et al., 2007; DLG, 2005). For example,
bandonment decreases soil erosion (Tasser et al., 2003), increases
arbon sequestration (Marin-Spiotta et al., 2009; Vuichard et al.,
008), improves water quality (Kramer et al., 1997), and may

llow biodiversity to recover (Chazdon, 2008). Conversely, aban-
onment decreases agricultural production often permanently,
ecause recultivation is expensive once forests have established
Larsson and Nilsson, 2005). In places with long land-use histories,
armland abandonment also threatens cultural identity and bio-

dx.doi.org/10.1016/j.landusepol.2010.11.003
http://www.sciencedirect.com/science/journal/02648377
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mailto:mbaumann3@wisc.edu
dx.doi.org/10.1016/j.landusepol.2010.11.003


Use Po

d
a

e
T
i
r
M
p
t
c
2
s
t
t
N
a
I

U
1
a
2
s
s
u
a
m
i
a
5
p
b
t
a
e
s
i
2
p
s
s
s
T
fi

s
K
q
f
i
v
r
t
m
2
r
p
(
2
t
p
c
r
a

Y
o
e
m
s
1

m
R
d
p
(
d
A
d
s
m
K
a
l

p
b
t
s
t
s
o
a
w

f
d
l
s

1
2
3
4

M

S

a
Z
t
E
t
c
c
a
b
p
t
m
e

M. Baumann et al. / Land

iversity associated with traditional land-use practices (Elbakidze
nd Angelstam, 2006; Palang et al., 2006; Plieninger et al., 2006).

Eastern Europe and the former Soviet Union are a prime
xample of a region with widespread farmland abandonment.
he breakdown of socialism in 1991 and the shift from central-
zed planned towards market economies resulted in a profound
estructuring of Eastern Europe’s agricultural sector (Lerman, 1999;
athijs and Swinnen, 1998). Prices for inputs and agricultural

roducts were liberalized, budget constraints introduced, guaran-
eed markets within the Eastern Block disappeared, and foreign
ompetition emerged (Ioffe and Nefedova, 2004; Lerman et al.,
004; Turnock, 1998; Lerman and Shagaida, 2007). Massive owner-
hip transfers of land and capital assets occurred, often resulting in
enure insecurity (Mathijs and Swinnen, 1998). Moreover, substan-
ial migrations away from rural areas occurred (Ioffe et al., 2004).
ot surprisingly, official statistics suggest this triggered farmland
bandonment at unprecedented rates (DLG, 2005; Henebry, 2009;
offe and Nefedova, 2004; Kuemmerle et al., 2008).

The problem is that agricultural statistics for the former Soviet
nion are often outdated or difficult to compare before and after
989 and of doubtful quality. Remote sensing is a well known
lternative to assess large scale land-use change (Potapov et al.,
008), and especially Landsat satellites are known to be well
uited to assess abandonment rates. For example, Landsat Multi-
pectral Scanner imagery (MSS) showed that 32% of the farmland
sed in Estonia during socialism was abandoned between 1990
nd 1993 (Peterson and Aunap, 1998). Similarly, Landsat The-
atic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+)

mages revealed abandonment rates of up to 21% between 1989
nd 2000 in the northeastern Carpathians (Kuemmerle et al., 2008),
2% between 1989 and 2000 for the Smolensk region in Euro-
ean Russia (Prishchepov et al., submitted for publication), 12%
etween 1991 and 2001 in the greater Olomouc region, located in
he northeast of the Czech Republic (Vaclavik and Rogan, 2009)
nd 21% in southern Romania from 1990 to 2005 (Kuemmerle
t al., 2009b). Visual interpretation of high-resolution imagery also
howed that 50% of all farmland in Latvia was abandoned dur-
ng the first 10 years of the transition period (Nikodemus et al.,
005), but abandonment rates were only 7% in Albania for the
eriod of 1988–2003 (Müller and Munroe, 2008). Although these
tudies emphasize the potential of remote sensing to map post-
ocialist abandonment, almost all existing work has focused on
mall study regions in only a handful of Eastern European countries.
hus, abandonment rates in many regions remain unquanti-
ed.

Existing work also showed that abandonment rates differed
ubstantially, both within and among countries (Ioffe et al., 2004;
uemmerle et al., 2008; Müller et al., 2009), and that raises the
uestion about the drivers of these patterns. Quantitative evidence
rom Eastern Europe to answer this question is scarce, but stud-
es elsewhere in Europe suggest that mainly four categories of
ariables determine spatial patterns of abandonment. First, envi-
onmental variables such as topography and soil quality determine
he suitability of farming and can therefore be important deter-

inants of abandonment (Gellrich et al., 2007; MacDonald et al.,
000; Rey Benayas et al., 2007). Remote fields and pastures often
equire disproportional management effort because fields are dis-
ersed. An increasing distance to markets also diminishs land rents
Baldock et al., 1996; Gellrich and Zimmermann, 2007; Müller et al.,
009). Thus, fields located in remote areas likely have a higher

endency to become abandoned once declining subsidies stop com-
ensating non-profitable farming in such areas. Third, population
hange is an important driver of farmland abandonment, because
ural population decline results in a decreasing farmland demand
nd a diminishing rural workforce (Verburg and Overmars, 2009;
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eloff and van Geel, 2007). Finally, changes in the input intensity
f farming (e.g., fertilizer, and mechanization) can have marked
ffects on abandonment rates. High-intensity farming typically
anages large arable areas and focuses on the most productive

ites, thus triggering abandonment in marginal areas (Baldock et al.,
996; Plieninger, 2006).

To our knowledge, only three studies have assessed deter-
inants of farmland abandonment quantitatively. In southern

omania, topography and local market access were the main
eterminants of farmland abandonment, whereas population
arameters did not influence abandonment patterns substantially
Lakes et al., 2009; Müller et al., 2009). Conversely, population
ensity and marginality for farming explained abandonment in
lbania (Müller and Munroe, 2008). In addition to these studies,
escriptive analyses suggest that topography, population den-
ity, migration, ownership regime, and land reform strategies also
ay have influenced post-socialist farmland abandonment (e.g.,

uemmerle et al., 2008; Sitko and Troll, 2008). A comprehensive
ssessment of post-socialist farmland abandonment drivers across
arger areas in Eastern Europe, however, is missing.

Western Ukraine is a particularly interesting region to study
atterns and drivers of post-socialist farmland abandonment,
ecause it comprises a large variability in environmental condi-
ions, including areas of favorable farming conditions (i.e., fertile
oils and long growing period) and marginal farming (e.g., moun-
ain regions). Likewise, the region is characterized by varying
ocio-economic conditions and different cultural traditions in use
f natural resources. Field evidence also suggests that farmland
bandonment in Western Ukraine was widespread after 1991,
hen Ukraine became an independent state.

The overarching goal of our study was to (a) map post-socialist
armland abandonment in Western Ukraine and (b) relate aban-
onment patterns to environmental, accessibility, population, and

and use intensity variables. Specifically, we tested four hypothe-
es: post-socialist farmland abandonment rates are higher:

. in areas of higher elevation, steeper slopes, and poorer soils;

. in remote areas afar from market centers;

. in areas with decreasing (rural) population density;

. where the intensity of farming decreased most.

ethods

tudy area

Our study region in Western Ukraine covers about 48,000 km2

nd consists of three oblasti (i.e., Ivano-Frankivska, Lvivska, and
akarpatska) with 47 rayons. Rayons are district-level adminis-
rative units in Ukraine (equivalent to the NUTS-3-level in the
uropean Union, or the county-level in the United States). Eleva-
ion in the study region varies from 75 to 2061 m and the region
ontains almost the entire Ukrainian Carpathians as well as adja-
ent plains (Fig. 1). Main rivers in the regions are Dniester, Prut,
nd Tysmenytsia. Soils vary throughout the study region with Cam-
isols and Podsols dominating in the mountains, and albeluvisols,
haeozems, and fluvisols in the lowlands. Climate is temperate con-
inental with slightly warmer conditions in the southwest (e.g.,

ean temperature of 9.6 ◦C in Uzgorod) compared to the north-
ast (7.2 ◦C in Lviv), while annual precipitation is around 740 mm

Kruhlov et al., 2008; NESDIS, 2009).

Approximately 5.2 million people live in the study region, one-
hird in cities (State Statistics Committee of Ukraine, 2001). The
lains and Carpathian foothills are relatively densely settled. Agri-
ulture is the main land use in the plains and foothills, and forestry
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ig. 1. Study region in the Ukrainian Carpathians. (A) Study region boundaries (red
C) Landsat TM footprints (green) and Quickbird footprints (blue) used. (D) Oblast
gure legend, the reader is referred to the web version of the article.)

nd smallholder agriculture prevail in the mountains (Augustyn,
004). Wheat, corn, oil crops, dairy, and meat are the main agri-
ultural products (Elbakidze and Angelstam, 2006; Sitko and Troll,
008; Turnock, 2002).

During Soviet times, all agricultural lands were collectivized and
anaged in large-scale enterprises. Mechanization and inputs (e.g.,

ertilizer) increased markedly, and some forests were converted
o croplands and pastures (Kozak et al., 2007). The breakdown
f socialism in 1991 resulted in a substantial restructuring of
kraine’s agricultural sector. Many state farms went bankrupt

Lerman, 1999) and the farmland was distributed among former
ollective farm workers. Yet, most farmland is still managed by
arge-scale agricultural enterprises, because of slow land reforms
nd a missing land market (Lerman, 1999; Lerman et al., 2004).

atellite images

To map abandonment, we used Landsat TM images (Fig. 1C).
or each of the five footprints, we acquired two images from
986 to 1989, characterizing land use during socialism, and two

mages from 2006 to 2008, representing current land use (i.e.,

our images per footprint). This resulted in a total set of 20 Land-
at images (Table 1). For each time period, we used one summer
nd one spring or fall image from different years to capture phe-
ology differences between permanent farmland and abandoned

armland (Kuemmerle et al., 2008; Prishchepov et al., submitted

a
d
(
v
a

graphy, and major population centers. (B) Location of the study region in Europe.
and rayon (fine) boundaries. (For interpretation of the references to color in this

or publication). Seventeen ortho-corrected images were acquired
rom the United States Geological Survey (USGS) and the other
mages were co-registered to these. Average positional error was
0.25 pixels. Clouds and cloud shadows were masked.

apping post-socialist farmland abandonment

To map post-socialist farmland abandonment, we used a two-
tage approach: first, we mapped farmland in use in 1986–1989;
nd second, we used a multi-temporal classification approach
o assess whether farmland was abandoned or still in use in
006–2008. We used a Support Vector Machines (SVM) approach
or both classifications. SVM are well-suited for mapping farmland
bandonment because they handle complex spectral classes well
Foody and Mathur, 2004) and have recently been applied to quan-
ify post-socialist farmland abandonment (Kuemmerle et al., 2008).

e used an SVM approach based on Gaussian kernel functions
hat requires estimating the kernel width � and the regulariza-
ion parameter C; and we chose an optimal parameter combination
ased on cross-validation (Janz et al., 2007).

Classification training data of pre-1990 farmland was based on

random sample of 1000 points per footprint with a minimum

istance of 2 km between points to avoid spatial autocorrelation
Table 2). Each point was labeled as ‘farmland’ or ‘other’ based on
isual interpretation of the Landsat images. Farmland was defined
s areas used for crop production or as meadows and pastures
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Table 1
Landsat images and acquisition dates.

Path/row

184/026 185/025 185/026 186/025 186/026

I 1987-04-30a 1986-10-11a 1988-08-21b 1987-10-05a 1986-10-02a

II 1989-07-08a 1989-07-07b 1988-10-16a 1988-07-27b 1988-07-27a
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III 2006-09-25 2006-10-18
IV 2008-08-13a 2007-07-17a

a Landsat TM5.
b Landsat TM4.

n one of the images. This was carried out for three footprints
p184r026, p186r025, and p186r026). For the remaining two foot-
rints (p185r025 and p185r026), we sampled 1000 random points
er class (i.e., ‘farmland’ and ‘other’) from the overlap areas to adja-
ent footprints (Knorn et al., 2009). We then parameterized the
VM, derived farmland maps for each footprint, applied a 3 × 3
ajority filter, and mosaicked all classifications into an area-wide
ap.
To map farmland abandonment, we selected 1000 random

oints within the farmland areas of each footprint and labeled
hese points as ‘permanent farmland’ or ‘abandoned farmland’
ased on visual interpretation of multitemporal Landsat images
s well as high-resolution Quickbird imagery from GoogleEarth
Fig. 1C) (Kuemmerle et al., 2008). Using spectrally rich Land-
at imagery and high-resolution imagery in concert can provide
eliable ground truth for land cover conversions (Cohen et al.,
010; Kuemmerle et al., 2009c). The Landsat images provide spec-
ral information in the visible, near-, and mid-infrared domains,
hich is important for agricultural applications. Spectral signa-

ures for farmland in use and fallow fields are known for the study
egion from extensive field visits (Kuemmerle et al., 2006, 2008,
n press), allowing us to assess whether fields are fallow or in
se for both time periods (1986–1989 and 2006–2008). We addi-
ionally checked ground truth points in recent, high-resolution
uickbird images available in GoogleEarth that provide additional
nsight into successional stages (e.g., presence of shrubs encroach-
ent). To derive a representative sample of training points, we

tratified our sample based on an existing land-cover map for
hree Landsat footprints (p184r026, p185r026, and p186r026;

s
c
h
a

able 2
raining samples and classification accuracies for the 1980s farmland classification (top)

Landsat scene Contrib. to
covered area

Nr. “Farmland
points”

User’s
accuracy (%)

Prod.’s
accuracy (%)

184026 0.164 702 95.52 97.00
185025 0.275 998 94.96 96.29
185026 0.232 992 93.22 95.56
186025 0.174 623 92.92 96.95
186026 0.154 389 91.09 92.03

Total/Average 3704 93.54 95.57
Area weighted 93.69 95.69

Landsat scene Contrib. to
covered area

Nr.
“Abandonm.
points”

User’s
accuracy (%)

Prod.’s
accuracy (%)

184026 0.164 446 87.18 91.48
185025 0.275 332 89.55 90.36
185026 0.232 289 90.29 94.74
186025 0.174 159 87.94 95.93
186026 0.154 201 93.48 85.57

Total/Average 1427 89.69 91.62
Area weighted 89.66 91.79
2006-10-18 2006-09-23 2006-09-07
2007-05-14a 2007-07-24a 2007-07-24a

uemmerle et al., 2010, 2006). For the remaining footprints, we
lustered the 2006–2008 images into broad land-cover classes
sing unsupervised classification for stratification. We defined
bandoned farmland here as areas that we classified as ‘farmland’
n our first classification (i.e., farmland mask from 1986 to 1989)
nd that were categorized as ‘fallow’ in both of the 2006–2008
mages. We derived abandonment maps for each footprint sepa-
ately, applied a 3 × 3 majority filter, and mosaicked the resulting
aps.
Classification accuracy was assessed using a 10-fold nested

ross-validation. We divided our dataset randomly into training
oints (90%) and validation points (10%), classified a land cover map
ased on the training data, and calculated mean overall accuracy,
appa, user’s, and producer’s accuracies based on the remaining
alidation points (Foody, 2002). This was repeated ten 10 times
nd we averaged all accuracy measures (Kuemmerle et al., 2009c,
n press). Finally, we area-corrected these measures for a pos-
ible bias due to our stratified random sampling scheme (Card,
982). The final map was classified using all ground truth points,
eaning that our error estimates represent conservative estimates

Kuemmerle et al., 2009c). Abandonment rates were summarized
y rayon (Fig. 1D), elevational zones (100-m bins), and slope zones
5% bins). We also assessed whether abandonment rates differed
mong the northern and the southern part of the study region
these regions are characterized by slightly different agriculture

uitabilities as well as different socio-economic conditions), and we
hose the border of the Zakarpatska oblast, which represents the
ighest ridge of the Carpathians and the main watershed divide, as
boundary.

and the abandonment classification (bottom).

Nr. “Non-
farmland”
points

User’s
accuracy (%)

Prod.’s
accuracy (%)

Overall
accuracy (%)

Kappa

298 92.68 89.26 94.70 0.87
1002 96.25 94.91 95.60 0.91
1008 95.52 93.15 94.35 0.89

369 94.44 87.53 93.45 0.86
526 94.06 93.35 92.79 0.85

3203 94.59 91.64 94.18 0.88
94.84 92.05 94.35 0.88

Nr. “Permanent
farmland”
points

User’s
accuracy (%)

Prod.’s
accuracy (%)

Overall
accuracy (%)

Kappa

552 92.83 89.13 90.18 0.80
668 95.19 94.76 93.30 0.85
711 94.74 96.20 93.50 0.84
841 95.93 97.98 94.80 0.80
798 96.44 98.49 95.89 0.87

3570 95.03 95.31 93.50 0.83
95.02 95.31 93.53 0.83
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Table 3
Explanatory variables including their source and a priori-supposed direction of influence.

Variable group Variable name Time period covered Hypothesized influence Source

Environmental
variables

Median elevation [m] + SRTM
Median slope [%] + SRTM
Gleysol content [%] + FAO
Podsol content [%] + FAO
Cambisol content [%] − FAO
Phaeozem content [%] − FAO
Regosol content [%] − FAO
Median agricultural suitability (1 = very
suitable, 7 = unsuitable)

+ FAO

Accessibility variables Total length of roads per rayon [km] − b

Total length of railways per rayon [km] − b

Mean distance to market center [km] − b

Population variables Population change [%] 1989–2008 − a

Urban population change [%] 1989–2008 + a

# of towns per rayon + b

# of villages per rayon − b

Changes in unemployment [# people] 1989–2007 +/− c

Agricultural input
intensity

# of tractors on farm 2008 +/− c

Change of aver. # of employees per farm 1989–2007 +/− c
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a www.ukrcensus.gov.ua.
b Geodezkartinformatyka.
c State Statistics Committee of Ukraine 2008.

xplanatory variables and their hypothesized influence

Marginal farmland plots are often expected to be abandoned
rst (Baldock et al., 1996). To proxy marginality, we calculated
edian elevation and slope for each rayon, based on the Shut-

le Radar Topography Mission (SRTM) digital elevation model. Soil
uality was incorporated based on (1) the relative coverage of the
ve main soil types according to the FAO soil map (FAO-UNESCO,
007), and (2) the median agricultural suitability index, which
anges from 1 (very suitable) to 7 (unsuitable). This index combines
hysical soil characteristics such as texture, effective soil depth,
nd soil phases constraining soil management, and relates it to
rop requirements and tolerances (Fischer et al., 2008). The index
rovides therefore additional information about agricultural suit-
bility. Our a priori hypotheses were that abandonment rates were
igher in regions of higher slopes, higher elevation, and poor soils
Ioffe et al., 2004; Müller et al., 2009).

Our second group of variables captured the accessibility of farm-
and. We proxied accessibility by calculating (1) km total length
f 1st and 2nd order roads per rayon, (2) total length of railways
er rayon, and (3) mean distance to major market centers (i.e.,
ities with a population between 100,000 and 500,000), based on
oads, railways, and settlement layers from digital topographic
aps (Geodezkartinformatyka, 1997). We hypothesized a priori

hat abandonment rates were higher in remote areas.
The third group of variables captured population change

Elbakidze and Angelstam, 2006) and off-farm income opportuni-
ies in cities (Dannenberg and Kuemmerle, 2010; Strijker, 2005).

e acquired total population and relative rural/urban population
or each rayon for the years 1989 and 2008, plus the change during
his period from official census data (State Statistics Committee of
kraine, 2001). We also incorporated the number of cities (>5000
eople), and villages for each rayon based on the digital topographic
aps. We hypothesized higher abandonment in areas with higher

opulation declines, and more off-farm income opportunities.

Finally, we acquired variables proxying agricultural input inten-

ity. First, we derived the number of tractors per rayon (for 2008).
igher numbers of tractors potentially reflect a higher market ori-
ntation, labor saving, and higher agricultural production. On the
ther hand, marginal plots, especially pastures, may not be suit-

t
b
o
d

ble for mechanization. Thus, the effect of tractor numbers was
priori unclear (Müller et al., 2009). Second, we derived changes

n farm employment between 1995 and 2008 that we hypothe-
ized to be related to abandonment rates. Again, we considered the
tatistics for each year as well as changes therein. Third, we derived
nemployment rates in 2000 and 2007, and changes in between.
igher unemployment could lead to increasing subsistence farm-

ng and thus limit abandonment rates or could result in migration
f younger population segments, triggering labor scarcity and thus
ncreased abandonment (Müller et al., 2009). The effect of this vari-
ble was therefore also unclear a priori.

For our statistical analysis, we selected rayons (districts) as our
nits of observation, because this represented the most detailed

evel for which most of our socio-economic and demographic pre-
ictors were available. Predictors on a finer scale, such as distance
o market center or villages were aggregated at the rayon level
sing median values (distance) or total numbers (villages). We
ssessed collinearity by calculating Pearson correlation coefficients
r) for each variable pair. When r exceeded 0.7, we retained the vari-
ble that was more correlated with abandonment. This resulted in
final set of 18 predictors (Table 3).

est-subsets regression and hierarchical partitioning

To analyze the relative importance of predictors, we used
est subsets regression and hierarchical partitioning. Best-subsets
egression performs an exhaustive search for the best linear mod-
ls ranking all possible models based on goodness-of-fit measures
Miller, 2002). We used the adjusted R2 as our measure of fit and
imited the number of explanatory variables for different models to
hree, four, and five variables, respectively, to avoid over-fitting due
o the moderate sample size (47 rayons). As a measure of variable
mportance, we summarized how often a variable was included in
he 20 best models for each model group (Kuemmerle et al., 2009a;
t-Louis et al., 2009).
Hierarchical partitioning (Mac Nally, 2002) quantifies the con-
ribution of a variable to the fit of a multiple linear regression model
y comparing the model including this variable to a model with-
ut it. This is carried out for each hierarchical level (i.e., model
imensionality), and the improvement in model fit is averaged

http://www.ukrcensus.gov.ua/
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cross all hierarchies, resulting in the independent contribution of
his variable (Chevan and Sutherland, 1991; James and McCulloch,
990). We calculated the average independent contribution of each
xplanatory variable in our twenty best models for each model
roup and used the adjusted r2 values as goodness-of-fit measure.

esults

atterns of post-socialist farmland abandonment in Western
kraine

Farmland abandonment was widespread in our study region
Fig. 2). Of the 22,350 km2 farmed at the end of socialist times (46%
f the study region), about 30% were abandoned in 2006 (Fig. 2A and
, 6600 km2). Overall classification accuracy for the 1980s farm-

and was 94.4%, (Kappa 0.88), and for the abandonment map 93.5%
Kappa 0.83, Table 2).

Abandonment was widespread in the plains and in the
arpathian foothills, but less abandonment occurred at higher

levations. Abandonment rates were higher closer to the Polish-
krainian border and decreased eastwards (Fig. 2A and C). For
xample, the Peremyshlianski rayon in the north had an abandon-
ent rate of >56%, whereas the Rakhivski rayon in the Carpathians

ad an abandonment rate of ∼0.2%. On average, 24.44% of the

p
C
n
S

ctive farmland in 2006–2008. (B) Active farmland in 1991. (C) Abandonment rates,

ocialist farmland was abandoned on the rayon level (standard
eviation of 15.9%), with a median value of 20.69%.

Farmland abandonment rates also differed markedly by ele-
ation and slope (Fig. 3, left column). Abandonment rates were
ighest between 200 m and 400 m (>35%), and lowest between
100 m and 1200 m (<2%). Abandonment rates were also higher
n gentle slopes and in flat terrain (Fig. 3, left column), and were
ubstantially higher in the northern part of the study region (Fig. 3,
ight column).

eterminants of post-socialist farmland abandonment

The statistical analysis revealed that environmental and pop-
lation variables were the best available predictors for explaining
armland abandonment patterns at the district level. Our regression

odels explained up to 76% of the variability in abandonment rates,
nd population change, slope, Cambisol content, and unemploy-
ent were the most important variables regarding the best-subsets

egression and hierarchical partitioning.

Univariate correlations between abandonment rates and our

redictor variables showed relatively strong linear relationships for
ambisol content (R2 = 0.56), urban proportion change (R2 = 0.38),
umber of villages (R2 = 0.33), and elevation (R2 = 0.32) (Fig. 4).
lope and elevation displayed clear negative relationships with
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armland abandonment. Abandonment rates also decreased with
igher Cambisol content, whereas relationships of abandonment

ates and the other soil variables were less clear. Besides those
lready listed, we found additional important relationships: we
ound higher abandonment rates in regions with decreasing pop-
lation, in regions with the lowest increase in unemployment, and

n
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w

Fig. 4. Relationships between farmland abandon
tion per class), and slope (5% slope per class).

n regions with decreasing number of employees per farm. We fur-
hermore found lower abandonment rates in regions with lower

umbers of villages, in regions with increasing urban population,
nd in regions with higher total road length.

Average goodness-of-fit of our 60 best models (i.e., 20 models
ith three, four, and five predictors, respectively) was R2 = 0.69

ment (%) and selected predictor variables.
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standard deviation of 0.04, median of 0.71). Five-dimensional
odels had a higher goodness-of-fit (minimum adjusted R2 = 0.74,
ean = 0.74, max = 0.76, median = 0.74) than four-dimensional

0.70, 0.71, 0.73, 0.71) and three-dimensional models (0.59, 0.64,
.69, 0.63). Our best model had an adjusted R2 of 0.76 and used five
ariables (change in unemployment, number of villages, elevation,
odsol content, Cambisol content). However, the difference in the
djusted R2 between the best and the 20th best five-dimensional
odel was only 0.02 (0.03 and 0.09 for four- and three-dimensional
odels, Fig. 5).
The variables that were most often included in the 20 best mod-

ls were population change (13 of 20 models, 14/20, and 14/20 in
he best three-, four- and five-dimensional models), Cambisol con-
ent (6/20, 12/20, 18/20), elevation (7/20, 9/20, 11/20), and number
f villages (3/20, 10/20, 11/20). Generally, the variables included
n the three-dimensional models also entered the four- and five-
imensional ones. With increasing model complexity, all variables
ppeared in more models, yet the increase was not uniform. For
xample, Cambisol content and the number of villages had the
trongest increase (+12 and +8 respectively), whereas population
hange, or number of unemployed people only showed moderate
ncreases (+1, +2).

Environmental variables and population variables had the
ighest independent contribution in the hierarchical partitioning
nalysis, especially slope (61.8%, 46.8%, and 35.2% for the three-,
our-, and five-dimensional models), elevation (47.6%, 34.8%,
5.9%), and Cambisol content (47.4%, 36.3%, 30.3%). The variables
ith the lowest independent contribution were agricultural suit-

bility index (3.1%, 2.7%, 2.2%), and mean distance to market centers
4.7%, 5.3%, 3.2%). With increasing model complexity the inde-
endent contribution of variables decreased. The strongest overall
ecrease occurred for the variables with the highest independent
ontribution in three-dimensional models (Fig. 6).

iscussion

The collapse of socialism resulted in widespread farmland
bandonment in Western Ukraine, but abandonment rates varied
onsiderably across our study region. What drives these spatial

atterns and thus what mediates or amplifies the effects of the
igh-level causes of abandonment (such as disappearing subsidies
nd markets, land reforms or tenure insecurity) remains unclear
or many regions. Here, we contribute to a better understanding of
hese drivers by quantifying what determines abandonment pat-

w
o
2

r

licy 28 (2011) 552–562 559

erns in Western Ukraine. Our statistical models showed that soil
ype, topography, and rural population change explain the spatial
eterogeneity of farmland abandonment best at the district level.
he relative influence of these variables was sometimes surpris-
ng and opposite to what has been observed in Western Europe,
uggesting that post-socialist farmland abandonment in Eastern
urope, specifically in Ukraine, followed different rules than so far
nown.

Our first hypothesis was that abandonment rates would be
igher on more marginal sites. Soil type (especially the relative
bundance of Cambisols), elevation, and slope were all powerful
redictors of farmland abandonment rates at the district-level in
ur models. Cambisols are generally more suitable for farming than
odsols and Gleysols, and lower abandonment in areas dominated
y Cambisols thus seems in line with our first hypothesis at first
lance. However, the association with topography was opposite to
ur expectations, with lower abandonment rates at higher eleva-
ions and steeper slopes.

Three factors likely explain these opposite trends. First, the best
oils (Cambisols) in our study area occur in the mountains and
oothills (Kruhlov et al., 2008). Soils in the plains are often poor
r waterlogged, especially in the floodplains of the rivers Dni-
ster and Prut. Much of the abandoned arable land in the plains
ccurred in these floodplains (Fig. 2). Second, many mountain val-
eys in the Ukrainian Carpathians are densely populated. During
ocialism, agriculture there was not as heavily industrialized as in
he plains, and traditional subsistence farming as a combination of
mallholder crop production and livestock herding has always been
mportant (Süli-Zakar, 1998). During the transition period, tradi-
ional subsistence farming became again an important livelihood
trategy in such remote regions (Hajda, 1998; Hoshko, 1983). Third,
he recent eastward expansion of the European Union reduced bor-
er traffic and isolated the lowland close to Slovakia, where we
ound high abandonment rates (Fig. 2). The bottom line is though
hat topographic marginality was not a major determinant of aban-
onment in Western Ukraine.

Our second hypothesis was that there would be higher aban-
onment rates in less accessible areas. Contrary to our expectation,

nfrastructure density and distance to local markets were positively
elated to abandonment rates, although the importance of these
ariables was low. The low importance and the positive relation of
hese variables was surprising, because accessibility variables were
mportant predictors in Romania (Müller et al., 2009), suggesting
hat drivers of post-socialist farmland abandonment patterns may
iffer regionally.

Our third hypothesis assumed higher abandonment in areas
ith declining populations and increasing urbanization. Popula-

ion decline and changes in the proportion of urban population
ere important to explain the variability of abandonment in our
odels, and both were positively related to abandonment rates,
hich was in line with our expectations. Higher abandonment

ates in districts with an increasing urban population proportion
ikely reflect outmigration from rural areas. Often, young pop-
lation segments are the first to migrate in search for income
pportunities and a different life style (Ioffe et al., 2004; Palang
t al., 2006). Many villages now have a high proportion of empty
ouseholds, and a reduced agricultural workforce may have con-
ributed to high abandonment rates. The weak low importance of
his predictor may be explained by commuters (i.e., individuals that
ontinue to live in villages, but seek off-farm employment else-

here) and remittances from family members working abroad, that

ften help sustain livelihoods in rural areas (Müller and Munroe,
008).

Our fourth and final hypothesis assumed that abandonment
ates were highest where the intensity of farming decreased most.
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nterpretation of the references to color in this figure legend, the reader is referred

he relative importance of land-use intensity variables was overall
ow though, and the relationship with abandonment was con-
rary to our expectations. We found lower abandonment rates in
reas of higher unemployment, potentially also due to the rel-
tively high importance of traditional subsistence farming and
ff-farm revenues (e.g., remittances). Abandonment rates were
igh where mechanization (measured in tractor numbers) was
igh, indicating a higher market orientation and an abandonment
f marginal land not suitable for mechanization (Müller et al.,
009). Overall, our results thus suggest a rejection of our fourth
ypothesis.

The rejection of most of our hypotheses suggests that patterns
nd drivers of post-socialist farmland abandonment in Ukraine
iffered from those in Western Europe. For example, farmland
bandonment in the Alps was higher at higher elevation and on
teeper slopes (Gellrich et al., 2007), but we found the oppo-
ite pattern. Similarly, abandonment patterns in our study area
ere probably not mainly determined by crop productivity, and

ubsistence farming was important in our case, but plays only a
inor role in Western Europe (ENRD, 2010). Differences in aban-

onment patterns between Europe’s West and East may reflect
undamentally different underlying causes that triggered aban-
onment. In Western Europe abandonment appears to be mainly
riven by gradual industrialization, market-orientation, and urban-

zation (MacDonald et al., 2000; Verburg et al., 2010). In contrast,
bandonment in Eastern Europe was triggered by the collapse
f socialism and the followed radical institutional reforms and
conomic shocks. Considering that the future of Eastern Europe’s
armlands remains highly uncertain, with both, recultivation and

continuing rural exodus being plausible scenarios (DLG, 2005;
erburg et al., 2010), the relatively low importance of variables
apturing the market-orientation of farming may indicate that

bandonment in Eastern Europe could be considered as a tempo-
al disturbance just as well as a permanent transitions towards
orest dominated landscapes. Additionally, the difference of the
bandonment pattern in Western Ukraine compared to other East-
rn European studies points out that even in regions that suffered

C

C

to the best regression models, and direction of predictor influence. Environmental
n red, farm specific predictors in orange, and population predictors in lime. (For
web version of the article.)

rom the same shock in surrounding conditions, more precisely the
reakdown of socialism, a generalization across countries is hardly
ossible.

Our study shows the importance of large-area assessments of
andscape change, which revealed in our case unexpected spa-
ial pattern of farmland abandonment that differed from other
tudies in Western Europe. Our statistical analyses suggested that
ven across Eastern European countries farmland abandonment
ollowed quite different rules, and considering such regional dif-
erences seems important when, for example, simulating future
and-use patterns or assessing how post-socialist farmland aban-
onment will affect flows of ecosystem services or biodiversity of
astern Europe’s landscapes.
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